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What’s the problem?

o1 An

Dk AN

« LCLS is a pulsed machine - timing system rate is 360 Hz
* LCLS beam rate is 120 Hz

* Need the ability to send e- from single source to multiple
destinations, such as off-axis profile monitor, at different rates

* Need the abllity to track an e- bunch as it traverses through
the accelerator

* The Event Generator (EVG) needs to send out these timing
patterns

* The event consumers need to listen for their specific timing
pattern
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Software Stacks for the new EVG application and the
PABIG

(%)
b
)

PNBN PVs from SofthCl

EDEF reservation for the BSA
SNL program|

EVG Application

HW input bits

—>

Master

Beam

Control

via CA Asyn module EVG

T MPS message
BCS SBI Per 360Hz Trigger (beam destinatior] &
BCS Beam Perm 476MHz Clogk PNET broadcasting Perm) 119MHz Clock 360Hz Fiducial Trigge!
360Hz Fiducial Trigger
EPICS EPICS Collaboration Meeting Fall 2012 @ PAL 3

October 22 ~ 26, 2012


http://www.aps.anl.gov/epics/index.php

EVR Software Stacks/ Form factor & OS dependency

ol A>
o b M\
Event Module for RTEMS/vxWorks Event Module for linux/linuxRT
o T EE_—_—_—__E_—_—_——_———_————- ~ o T EEE__—__—,_—_——_———_————- ~
/s S ’ N
! R / N
: EVR Processing Logic ‘I : EVR Processing Logic ‘I
' BSA : ' BSA :
I erRecord | I erRecord |
| | | |
| | | |
I devErMrf | I devErMrf |
| | | |
| | | |
I drvErMrf [ I drvLinuxEvr [
| | | |
I I I _ I
\ mrfCommon/mrfVme64 / \ erapi /
\ / \ /
\ ————————————————— -— / \ ————————————————— -—
[ ) ~ ™)
VME EVR Hardware ] [ PMC EVR Hardware PMC EVR Hardware
' J L )
Works with old register map Works with modular register map (new)
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Beam Synchronous Acquisition (BSA)

ol A
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» evGUI Is used to program the Pattern Bit Generator (PABIG)
to send the timing patterns

« Event Definitions (EDEFs) are used to listen to specific
timing patterns

 Pattern Bit Names (PNBN) name specific bits in the timing
pattern

 This entire system is called Beam Synchronous Acquisition
(BSA)
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How to use BSA

» Use the evGUI to set up the EVG
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Pattern Bit Names

ol Ao
o b M\
|2 ewGUL evgui-RO-0-4 = | ==
3 evGUI
rDefir;e Modifiers I’ Define Rate Groups I’ Define Input Eits r Define Eeamn Rates |/Define Patterns |
| Add Mew Modifier | | Clear Selected Modifier |
Editable? | Modifier Name | Category | Bit Position | Bit Length | From MPG? |
YES rr o = O =
YES heam_code (PP g 5 [ i
YES MPS_IPLIMG 14 1 .
YES MODT 2 ORESTRC 15 1 ||
YES PULSIDREESYRMC 1 B .
ES PaF_COMNTROL COTHER 20 12 [
YES T51 TIMESLOT 32 1 ]
ES TELOT _UE& 32 [ [
YES T52 TIMESLOT 2= 1 |:|
WES T2 TIMESLOT e 1 [
YES T54 TIMESLOT £ 1 1 |
Save 10 10C & SCORE | | Load from SCORE
e e e e e e e e
10017 18:12:27 INFO Successfully loaded rates configuration.
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Pattern Bit Names

ol AR
o b M\
= ewGUl ewvgui-RO-0-4 E@
,0 evGUI
i X4
l./DEfir';E Modifiers r Define Rate Groups r Define Input Eits r Define Eeam Rates rDefine Patterns |
| Add New Modifier || Clear Selected Modifier |
Editable? | Modifier Mame » | Category | Bit Fosition Bit Length From MPG? |
YES SCAVIM] OTHEE. 45 1 | it
YES SCREEMZO OTHER 43 1 ||
YES SDRESTOR_LER OTHEE. 48 1 [
YES SDRSTORE OTHER 45 1 ||
YES shutter_germ OTHER. 55 1 [
YES SIXTY_HERTZ OTHEE. 72 1 ]
YES SLC_MTG_DISA OTHER 96 1 1
YES TN OTHEE. 95 1 ]
YES TTANZ OTHEE 2 1 [
YES TEM_HERTZ OTHER 7 1 || =
YES THIETY_HERTZ OTHEE. s 1 | |
-
Save to 10OC & SCORE | | Load from SCORE
e T T T e T T T T T T e e e e T T T T T T
1017 16:12:27 INFO Successiully loaded rates configuration.
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Pattern Bit Names

ol A
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* Notice Beam Code are bits 8-12
* Notice TCAV is modifier bit 95
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Rate Group

o1 A
o b M\
| ewGUL ewvgui-RO-0-4 ][ EE]
o evGUI
E Yo
rDefine Modifiers r Define Rate Groups rDefine Input Bits r Define Eeam Rates rDefine Patterns
| Put Checked Rate Groups 1o EvVG | | Add Mew Rate Group | | Remove Selected Group & Hates |
Put to E¥C? | Rate Group .. | Ts1 | Ts2 | TS3 | TS4 | TS5 Ts6 |
LCLS 120 [ [ (| [
Save to 10C & SCORE | | Load from SCORE
Tt e e R S e e e e T e T R S e e T e T e e e e e T e e e e T e e T e T e e e e e e e e e e e e Tt e e T e e T e T e R e e I T N T e T R e e R R e T T R e R e R e e e
1017 16:12:27 INFO Successiully loaded rates configuration.
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Rate Group

* Notice how LCLS is programmed to use time slots 1 & 4
 This leads to beam at 120 Hz for a 360 Hz timing system

Phase 1 Phase 2 Phase3

B

L TITS1 | _Ts2 | Ts3 TS4 | TS5 _|_TsS6 _

A
!

(1/60 s)

ZC = Zero Crossing
TS = Time Slot
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Beam Rates

o1 A
o e M\
|4 evGUI evgui-RO-0-4 L= [ =] eS]
; evGUI
E b
|/Define Modifiers I’ Define Rate Groups I’Define Input Bits r Define Eeam Rates |/Define Patterns
| Add Mew Rate | | Remove Selected Rate |
Fate Group Morminal Rate Short Rate Marme | Long Rate Marme | Inputs |
LCLS 120 v 0 Hz BCS Fault {input bit 830 ..
LCLS 120 1 1 H=z 1 Hz Mr. BCi Hz Mast. .
LCLS 120 1o 10 Hz 10 Hz Mr. BC{1o Hz ..
LCLS 120 20 20 Hz 20 Hz Mr. BOE0 Hz .
LCLS 120 &0 20 Hz B0 Hz Mr BCEO Hz M.
LCLS 120 120 FULL
Save 10 10C & SCORE | | Load from SCORE
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
10017 18:12:27 INFO Successfully loaded rates configuration.
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Beam Rates

o1 An

Dk AN

* Notice how LCLS experimenters can request a variety of
beam rates

0 Hz
1 Hz
*10 Hz
30 Hz
*60 Hz
*120 Hz
 Timing system always runs at 360 Hz
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LCLS 10 Hz Pattern Definition

|2 ewviGUL evgui-RO-0-4

HeLe || et
|?/Define Modifiers r Define Rate Groups r Define Input Bits r Define Beam Rates r Define Patterns
Rate Group [LCLS 120 [=] # of seconds to display [0.2s |+ |
Timeslot | Used? Display Pattern?
Ts1
T52 (|
Ts2 O
TS4
TS5 1
TS6 |
Patterns for 10 Hz et
Add Modifier Eit | | Remove Selected Modifier Bit |
Modifier Bit | It Freguency...| Offset (17260 sec)|  wvalue |2l z|z]a|s=s|es| 7| 8| a1 1112|1214 15| 16| 17| 18| 18
beam_code (FF) 120 1 1 1 . . 1 . . 1 . . 1 . . 1 . . 1 . . 1
pockcel_perm 10 4 1 . . . 1 . . . . . . . . . . . . . . o
MO _CUM_PERM 120 1 1 1 . . 1 . . 1 . . 1 . . 1 . . 1 . . 1 |=
B _SUM_PERM 1 < o] 1 1 1 1 1 1149
COME_HERTZ 1 <+ 1 1
TEM_HEETZ 10 < 1 1
THIETY_HERTZ 30 E 1 . . . 1 . . . . . . . . . . . 1
SIETY_HERTZ (=30 1 1 1 . . . . . 1 . . . . . 1 . . . . . 1
T M. BC bit &(T Ay 0] 1 L] 1 . 1 |
0 p———— - I [v] |
Save to 10C & | | Load from score
1017 16:12:27 INFO Successfully loaded rates configuration
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LCLS 10 Hz Pattern Definition

o1 An

Dk AN

* Notice that TCAV bit comes out at 1 Hz on time slot 4 for 10
Hz pattern

 Master Beam Control is a hardware box used to enable the
TCAV bit in the timing pattern

« Pattern repeats every 2 seconds
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LCLS Master Beam Control

.-"/
MASTER BEAM CONTROL 144-099
BIT 1 BIT 2 BIT 3 BIT 4 BITS BIT 6 BIT7 BIT 8
D D B GBS ( ) ) C ¢
POWER MASTER RESET BEAM WATCHDOG
S - WY e
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How to use BSA

« Set up EVRs to listen to your pattern
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Reserving an Event Definition (EDEF)

ol A

* Once the timing pattern is set up, how do | use it?
* Reserve an Event Definition
* Allows user to listen to specific timing pattern
* Allocates a set of PV names for user’s specific needs

* PVs exist for devices that care about beam crossing time
(BSA), such as Beam Position Monitors (BPMS)
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Reserving an Event Definition (EDEF)

B SvsD EDEFs

Production

# of Available EDEFs
b

=1

[ ExIT |

EDEF Reserve

W

3

-

HEEEEEEEEEERRENEEEEEE

2

App Name

Feedback TS1 & ~30Hz
Fast Event Logger 98

GDET Averager

zelazny

WIRESCAN 020154 411
OD-Ro-0-62-physics-lcls-opin1-18171
tcav_feedback
Feedback TS4 & 30Hz
Feedback TS1 & 30Hz
Feedback TS4 & ~30Hz
1HZ
10HZ
FULL
bunch-charge-feedback

FBCK2
LCLS

User

Client

Client

Client
Client
Client
Client
Client
Client
SY5
SY3
5¥5
SY3
3¥3

OFF
ON

OFF
OFF
OFF
OFF
ON
ON
ON
ON
ON

ON

Last Active Time Last Reserved Time
10117112 14:52:32

09/25/12 00:31:16

EVG assigned slot 8 for my use

10117112 16:22:54
10/117112 17:05:30
10/117112 13:21:02
10/17112 02 :06:30
10/04/12 23:26:11
09/23M12 18:01:12
09/25/12 00:31 :06
09/25/12 00:31:09
08/25M12 00:31:12
09/20/12 17:16:07
09/20/112 17:16:07
0972012 17:16:07
10/117112 17:08:25
0972012 17:16:07

10/117112 14:52:31
09723112 18:01:26
0953112 18:01:32
72 14:55:27
1112 21:20:00
612 12:07:15
10/117112 16:18:04
10/117112 17:04:50
10117/12 12:52:23
10/17112 02:01 :54
10/04112 20:55:27
0972312 18:01:10
0972312 18:01:15
08/23M12 18:01:19
09/23/12 18:01:22
097200112 17:16:07
08/20M12 17:16:07
09/20/12 17:16:07
097200112 17:16:07
08/20M12 17:16:07

EPICS
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Look for specific bits in the timing pattern

EPICS

D EDEF:SYSD:8 Event Definitien (o[- (3]
SY S0 Event Definition 8 [ExiT |
Production
Name Last Active Time
| zelazny OFF  10n7h1217:05:30
User oN | Last Reserved Time
| Client 1011712 17:04:50

0
r

TCAY pockcel _perm

EDEF Exclusion Mask
TS2 TS3 155 TS6

Timing Pattern Masks
EDEF Inclusion Mask | Macllldll]J

Beam Code

—

Measurement Parameters
# to Average

Severity Level for Invalid Data
MOME | wmMmmorR | mMaJoR

per Measurementl | # Measurements |I100

0 = Abort. -1 = Forever

Total to Acquire 100

| ResetDATA |

Total Acquired so far | 1

| Release EDEF |

LCLS
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Selecting Specific Bits for EDEF

EPICS

=~
~J

7 EDEF:SYS0:8 Exclusion and Inclusion Mask Setup === '@

. =
Production

Name zelazny User Client

11 ASSET ] EXTB_LERO [1d GUNB_LER1 [ RATE_01HZ [ TsLOT Us

1 Asset_inj [ EXTB_LER1 [JJ HERINJNDR [ RATE_o5HZ 1] pockeel_perm

1J BCSFAULT [IJdFBCK_FB3PHAS [1J HER_BEAMABRT [1] RATE_10HZ 1 shutter_perm

1 BPMX1INJECT [ FBCK_HER [ INJT_HER [ RATE_30HZ

10 BPMX1LINAC [ FBFASTLIM [J INJT_LER 1] RATE_HALFHZ

TI BYP_K_HER

11 BYP_K_LER

1 Calibration

1 DUMP 2 9
TIDUMP_2 g AUX
10 DUMP_BAS1

T1 DUMP_BYP_HER
T1 DUMP_BYP_LER
1J DUMP_Ko2

T DUMP_Ko2_AUX
10 E1aa LC

11 E15awitness

11 ESA_PED

11 EVG_BURST

11 EVG_SPAREZ

[ FESCAVINJNDR
] FESLOWINJ

L] FBSLOWINJZ
(1] FBSLOWLIN

[0 FB_HERINJNDR
[ FB_PEPPQSI
[ FB_SCAWV

[ FFTB_ext

[ FFTB_inj

(1] FIDSH_HLRo
(1] FIDSH_HLR1

[ FIDSH_HLR2
[ FIDSH_HLR3
(1 FIWVE_HERTZ

[ FuIP

[ KICKER_LIz5

[ KICKER_LTU

[0 LCLS_BEAM

[ LER_BEAMABRT
[0 MAKE_EP_LER
[0 MPS_BYKIK

[ MPS_LHTRSHUT
[ MPS_MECHSHUT
[{J MPS_POCKCELL
[0 NO_EXT_ELEC
[0 NO_EXT_E_AUX
[0 NO_EXT_PQSI
[0 NG_EXT_P_AUX
[ NO_GUN_PERM
[0 NO_SCAV_PERM

1] SBDARCH

1] SBEDARCHN_AUX
1] SBDARCS

[ SEDARCS_AUX
[ SCAVINJ

[ SCREEN30

1] SDRSTORE

1] SDRSTOR_LER
[ SIXTY_HERTZ
[ SLC_MTG_DISA
M TCAY

[ TCAYS

[ TEN_HERTZ

[dJ THIRTY_HERTZ
s

| ot o et o e it

| e e e | i

11 E¥G_SPARES [ GUNA_HER [0 ONE_HERTZ E TS2
1 EXTA_HER ] GUNA_HERO [0 PHAS DITHR E TS3
11 EXTA_HERO [ GUNA_HER1 [J PMNET_SEQCHK aiTsa
11 EXTA_HER1 ] GUNB_LER [1J PROF_DIAG HE TS5
1] EXTB_LER [Jd GUNB_LERO ] PULSID_ZERO [E TS&
Inclusion Mask TCAY pockcel_perm
Exclusion Mask TS2 TS3 TSS TSé
Modifier 6 Modifier 5 Modifier 4 Modifier 3 Modifier 2
Inclusion Mask |00 0x0 0x0 0x80080000 0x0
Exclusion Mask O30 0¥ 00 00 036

LCLS

=

g
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Start your data collection

D EDEF:SYSD:8 Event Definitien (o[- (3]
oY S0 Event Definition 8 [Exir |
Production
Name Last Active Time
| zelazny OFF 1on7n §
User ON 2 eserved Time
| Client 1011712 17:04:50

EDEF Inclusion hMask
TCAY pockcel _perm

EDEF Exclusion Mask
TS2 TS3 155 TS6

Timing Pattern Masks _

Beam Code

—

Measurement Parameters

Total Acquired so far | 1

LCLS

# to Average
per Measurementl L ¥ MeasuAr;ments II1E°
. . 0 = Abort. -1 = Forever
Severity Level for Invalid Data
noWE | mmor | wesor |[ETINVALIDTT]
Total to Acquire 100 | Reset DATA |

| Release EDEF |
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Setting up Event Definition

o1 An

Dk AN

« Setup Timing Bits

* Notice TCAV bit is included — required by data acquisition
software

* Notice # Measurements is set to 100

* Press ON

« Walt for data acquisition to complete

« Data gets buffered on IOC and retrieved over channel
access
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How to use BSA

* Collect your data from IOCs
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Getting Data from IOCs

EPICS

-
H‘;] xterm

EPICS_TOC_LOG_FILE_COMMAND=
OMP_NUM_THREADS=1

EDMDUMPFILES=/ul/1lcls/tools/edm/data
EPICS_TS_MIN_MEST=480
LESSOPEN=I1/usr/bin/lesspipe.sh %s
ARCH=g1nx86
ALHCONFIGFILES=/usr/local/lcls/tools/alh/con
EPTICS_TOC_TOP=/usr/local/lcls/epics/iocTop
00C_COSEYENTCONFIG_PATHNAME=/ul/lcls/tools/o
CHLOGSETUP=/usr/local/1cls/package/cmlog/con
CYSEDITOR=vi

DISPLAY=localhost:13.0
XAL_HOME=/usr/local/lcls/physics/xaldlcls
EPICS_CA_MAX_ARRAY_BYTES=80000000
PACKAGE_TOP=/usr/local /1cls/package
ORACLE_HOME=/usr/local /1cls/package/oracle/p
EPICS_CA_SERYER_PORT=5068
I0C_PRIM_MAP=slc/primary.map
EPICS_DATA=/ul/lcls/epics
EPICS_TS_NTP_INET=134.79.151.11
G_BROKEN_FILENAMES=1

_=/usr/bin/printenv

HEM AL AN NN NN AN NN
Setting deprecated feature — use UseOldFileD
Initializing labChA Release '$Name: $'...
Author: Till Straumann <{strauman@slac.stanfo
Successfully updated counter SIOC:SYSO:MLO2:
{empty? run count (SIOC:5¥50:MLOZ:A0501) = 3

(=] [=]
B Figure 1 [E=R(E=R===
File Edit Wiew Inset Tools Desktop Window Help k]
DeES s|RQAO® || 0B =O
0.05 : . : :
;‘/\“Wrw/\l\/\/\/‘\/"\/‘vw\f\w
ol ]
-0.05} 1
S04k ]
0145} 1
02t 1
025} 1
N e e VN I AT
0% 20 10 50 0 100

>> x = lcaGet ('BPHS:IN20:221:XHSTS'. 100):
>> y = lcaGet ('BPMS:IN20:221:YHST8'. 100):
>> plot(x)

>> hold

Current plot held

>> plot(y)

>
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Getting Data from the IOCs

o1 An

Dk AN

* Notice how PV names have event definition number, 8,
encoded into the PV name

 Data is buffered on the IOC and can be retrieved over
channel access. In our example our application is written in
MATLAB and data is retrieved using Lab Channel Access (lca)

« Data across multiple 10Cs listen to the same exact 100
pulses to

* track single pulses traversing down the accelerator
 perform beam |jitter studies

 Entire procedure can be done in a MATLAB script

« LCLS has 877 signals that respond to BSA requests
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